Abstract: Silica sulfuric acid is utilized as a green, highly efficient, heterogeneous and recyclable catalyst for the preparation of β-enaminones and β-enamino esters from amines and β-dicarbonyl compounds under solvent-free conditions at 80 °C. Using this method, the title compounds are produced in high to excellent yields and in short reaction times.
Introduction
β-Enaminones and β-enamino esters have been extensively used as key intermediates in organic synthesis [1] [2] [3] and the chemistry of these compounds have been reviewed 4 . In particular they have been employed as synthons of a wide variety of bioactive heterocycles [5] [6] [7] , as well as pharmaceutical compounds having anti-epileptic 8, 9 , antibacterial 10, 11 , anti-inflammatory 11 , anticonvulsant 11, 12 , antitumor activities 11, 13 and other therapeutic agents 14, 15 . Due to their wide range of activity and importance, several methods have been developed for the synthesis of β-enaminones and β-enamino esters. The most well-known and exploited route toward these compounds involves the direct condensation of β-dicarbonyl compounds with amines in refluxing aromatic hydrocarbons with azeotropic removal of water 16 . Some improved procedures have been subsequently reported for this transformation using different catalysts such as P 2 O 5 /SiO 2 Bi(TFA) 3 21 , CeCl 3 .7H 2 O 22 , Sc(OTf) 3 23 , Yb(OTf) 3 24 , ionic liquid [EtNH 3 4 33 , substitution of the imidoylbenzotriazoles, with trimethylsilyl (TMS) enol ethers 34 and aminolysis of dithioacetals mediated by copper acetate 35 . However, most of the methods suffer major or minor limitations such as long reaction times, unsatisfactory yields, low selectivity, tedious work-up procedures, lack of general applicability, applications of non-available and costly reagents, the use of hazardous solvents and no agreement with the green chemistry protocols. Moreover, in the case of some of the Lewis acid-catalyzed reactions, no recycling of the catalyst renders these methods environmentally unsound. Thus, searching for a facile, efficient and nonpolluting procedure for the synthesis of β-enaminones and β-enamino esters is still of practical importance.
In the aspect of green catalysis has received considerable attention as a stable, inexpensive, non-toxic and readily producible catalyst from available materials for various organic transformations under mild and heterogeneous conditions to afford the corresponding products in excellent yields with high selectivity. Silica sulfuric acid (SSA) is certainly one of these green catalysts that is easily prepared 36 and has been successfully applied in various organic transformations 37 .
As part of our ongoing program to develop more efficient and environmentally benign methods for organic synthesis using economic and eco-friendly materials as catalysts [38] [39] [40] [41] [42] [43] [44] [45] [46] [47] , herein, we report a new, clean and efficient solvent-free method for the synthesis of β-enaminones and β-enamino esters from aromatic as well as aliphatic amines and β-dicarbonyl compounds in the presence of catalytic amount of SSA (Scheme 1). It is important to note that this method has none of the above-mentioned disadvantages at all.
Scheme 1 Experimental
All chemicals were purchased from Merck or Fluka chemical companies. Silica sulfuric acid was prepared according to the reported procedure 36 . All known compounds were identified by comparison of their melting points and spectral data with those in the authentic samples. 
General procedure for the synthesis of β-enaminone and β-enamino ester derivatives
To a mixture of amine (1 mmol) and β-dicarbonyl compound (1 mmol) in a 10 mL roundbottomed flask connected to a reflux condenser was added SSA (0.4 g) and the resulting mixture was stirred in an oil-bath (80 °C). After completion of the reaction (monitored by TLC), the reaction mixture was cooled to room temperature and to it was added EtOAc (15 mL), stirred for 5 min and filtered to separate the catalyst. The solvent of the filtrate was evaporated and the crude product was purified by recrystallization from EtOH/H 2 O (1/1). The recycled catalyst was washed by EtOAc, dried and re-used. Selected spectral data of the products 
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Results and Discussion
At first, the reaction of aniline (1 mmol) with dimedone (1 mmol) was examined in the presence of different amounts of SSA at range of 25-90 ºC under solvent-free conditions in order to optimize the reaction conditions with respect to amount of the catalyst and temperature (Scheme 1). The results are summarized in Table 1 . As it can be seen from Table 1 , the reasonable results were obtained when the reaction was carried out using 0.4 g SSA at 80 ºC. In another study, the reaction was checked in several solvents to recognize the efficiency of the solvent-free procedure in comparison to solution conditions. For this purpose, a mixture of aniline (1 mmol), dimedone (1 mmol) and SSA (0.4 g) was stirred in different solvents (10 mL) at 80 or under reflux conditions ( Table 2 ). As Table 2 indicates, the solvent-free method afforded the product in higher yield and shorter reaction time. To assess the generality and scope of our method, different aromatic and aliphatic amines were reacted with some β-diketones and β-ketoesters. The results are displayed in Table 3 . As it is shown in Table 3 , all reactions proceeded efficiently and the desired products were obtained in high to excellent yields and in short reaction times. The results showed that the presence of electron-releasing substituents or halogens on the aromatic ring of aromatic amines had no significant effect on the reaction results (Table 3, entries 2 -5, 12-14, 22 and 26-29) ; however, electron-withdrawing substituents slightly decreased the yields (Table 3 , entry 6). The condensation of aliphatic amines, NH 4 OAc as well as diamines with β-dicarbonyl compounds was also successfully carried out and the corresponding products were obtained in high to excellent yields and short reaction times (Table 3 , entries 7-10, 15-17, 19, 20, 23 and 30-32) . The interesting behavior of SSA lies in the fact that it can be reused after simple washing with EtOAc, thus rendering process more economical. For the reaction of aniline with dimedone no significant loss of the product yield was observed when the catalyst was reused after three times recycling (Table 4) . 
Conclusion
In summary, we have developed a new efficient method for the synthesis of β-enaminones and β-enamino esters from amines and β-dicarbonyl compounds. The advantages the presented methodology are efficiency, generality, high yield, short reaction time, low cost, cleaner reaction profile, ease of product isolation, simplicity, potential for recycling of the catalyst and finally agreement with the green chemistry protocols. 
